Reciprocal translocations are common and detected in approximately 1:500 to 1:625 newborns [1, 2] . Most cases can be expected to come from translocation families. In contrast, de novo balanced reciprocal translocations are rare, and investigations of these translocations may improve the understanding of chromosomal rearrangements. Until now, only a few studies of de novo balanced reciprocal translocations have been reported; however, the parents of these cases were cytogenetically normal.
Here, we report a very rare case of de novo apparently balanced reciprocal translocations in a fetus conceived from a balanced reciprocal translocation carrier mother.
Case Report
A 32-year-old nulli-gravida and her husband, who was 34 years old, visited our medical center to seek treatment for primary infertility over the course of 2 years. The cause of infertility was unexplained. The patient underwent intrauterine insemination three times, in vitro fertilization-embryo transfer (IVF-ET) twice, and thawing ET twice; however, she did not conceive. Therefore, conventional cytogenetic analyses of the couples were performed on lymphocytes from phytohemagglutinin (PHA)-stimulated peripheral blood cultures for the evaluation of the recurrent implantation failure. GTG-banded chromosomes were obtained according to a standard protocol, and 20 metaphases were examined and karyotyped using the Cytovision system version 3.6 (Applied Imaging, UK). The chromosomal abnormalities were described according to the International System for Human Cytogenetic Nomenclature (ISCN) 2009. Karyotype analysis of the patient revealed 46,XX,t(2;14)(q35;q32.1).ish t(2;14) (tel14q+;tel14q-) (Fig. 1) , and the result for her husband was 46,XY. During 1 year, three cycles of IVF accompanied by preimplantation genetic diagnosis (PGD) and aneuploid screening (PGS) were performed using BACarray comparative genomic hybridization (BAC-array CGH). For the first two cycles, a total of 39 embryos (blastomere biopsies from 29 cleavages and trophectoderm biopsies from 10 blastocysts) were analyzed using the P scanning human BAC-array (Macrogen Inc., Korea). Only five euploid embryos were transferred;, however, the patient did not conceive. During December 2015, 20 oocytes were retrieved, and six blastocysts were cryopreserved using vitrification. In the subsequent cycle, some trophectoderm cells (approximately five to ten cells) were biopsied from six warmed blastocysts and the samples were analyzed with an Illumina BlueGnome 24Sure DNA microarray (BlueGnome LTD, Cambridge, UK) following the BlueGnome 24sure V3 protocol ( Fig. 2) [3] . Two euploid embryos were transferred, and a vital fetus was confirmed in the fifth gestational week. The integrated test for Down syndrome was abnormal (1:61), and amniocentesis was performed at 17 weeks of gestation. Cytogenetic analysis revealed a karyotype of 46,OO,t(2;3) (q31;q27). No genomic imbalance and no loss or increase in the dosage of genetic probes specific for chromosomes 2 and 3 were confirmed by a single-nucleotide polymorphism (SNP)-array (CytoScanâ HD Arrays, Affymetrix, Santa Clara, CA) using cultured amniocytes (Fig 3) . A level II ultrasound revealed no structural abnormalities. After genetic counseling, the parents decided to continue the pregnancy, and the pregnancy was well maintained. At 40 weeks of gestation, a healthy male baby was delivered with a body weight of 3280 g. Pediatric examination of the infant showed no phenotypic abnormalities.
Written informed consent was obtained from the couple, and this report was approved by the Institutional Review Board of CHA Gangnam Medical Center.
Discussion
Reciprocal translocation is the most frequent structural anomalies in humans and usually harmless; however, they are associated with an increased risk of unbalanced gametes and abnormal progeny [4] . A few translocations are associated with a high risk of having an abnormal child, many translocations are associated with an intermediate level of risk, and some carriers have a low risk. In general, the carriers have high potential miscarriage rate. Stern et al. reported that chromosomal translocations were found in 3.2% of couples with recurrent implantation failure [5] . In this case, chromosomal analysis was performed due to recurrent implantation failure, and the wife was confirmed to be a 2, 14 balanced reciprocal translocation carrier.
Preimplantation genetic diagnosis using array-CGH was chosen. The genomic coverage of the 24sure+arrays has an approximate screening resolution of 0.5 Mb across the genome and 0.25 Mb in peri-centromeric and subtelomeric regions, and it enables better detection and characterization of segmental chromosome imbalances in a single cell. Of the embryos diagnosed, 15.6% (7/45) were euploidy. Although this percentage was remarkably lower than the euploidy rate of other PGD cases with chromosomal abnormal carriers in our center (27.9%, 2 years of data from our center, data not published), it was consistent with literature [6] .
Most of the balanced reciprocal translocations are inherited. De novo balanced reciprocal translocations are detected in approximately one in 800-1000 cases [7, 8] . The mechanisms of the formation of de novo reciprocal translocations in humans have not yet been identified. The first step for determining the mechanisms underlying these translocations is to identify the break points. A study in prenatal diagnosis reported that chromosomes 3, 2, 7, 1, and 9 were involved more frequently in apparently balanced de novo rearrangement [8] . In the present case, we confirmed the break points at 2q31 and 3q27. This finding coincides with the location of common fragile sites. Next, determining the parental origin of translocation is important for understanding the mechanisms underlying this translocation. A few studies regarding the parental origin of de novo balanced reciprocal translocations have been reported, and most of these cases were predominantly of paternal origin [9] [10] [11] . In this case, the break points detected in the amniocytes were completely different from maternal regions, and we suggest that this de novo chromosomal rearrangement was of paternal origin.
A total of 40~100% of the reported cases had a genomic imbalance detectable by array comparative genomic hybridization (aCGH) or SNP-array and is associated with serious congenital anomalies [6, 12] . Even if there is no detectable imbalance, a de novo apparently balanced translocation has the possibility of an abnormal phenotype because of other mechanisms such as position effect [6] . According to the literature, the reported risk of congenital anomalies ranged from 6.1 to 12.5% [7, 13, 14] . A recent study with a long-term follow-up of children with prenatally diagnosed de novo apparently balanced translocation exhibited similar health, developmental, and behavioral outcomes to those of the normal population [14] . In this current case, a high-resolution array-CGH of the trophectoderm and a SNP-array of the amniocytes were performed, and a resolution of at least 1 Mb and 1 Kb was achieved with the array-CGH and SNP-array, respectively. Genomic imbalance or, loss or gain in the dosage of the genetic probes at the break points was not detected; moreover, no phenotypic abnormalities were manifested at birth. However, assessment of long-term health, developmental, or behavioral outcomes is needed. Although this case has limitations, to the best of our knowledge, this is the first case of a de novo balanced reciprocal translocation conceived using PGS from a balanced reciprocal translocation carrier mother.
In conclusion, we have presented the prenatal diagnosis of a de novo apparently balanced reciprocal translocation. Our case represents the first case of a de novo balanced reciprocal translocation conceived using PGD from a balanced translocation carrier mother. We suggest close observation and long-term follow-up in all PGD/PGS cases.
